Arenaviruses are enveloped RNA viruses that have a genome consisting of two species of RNA, designated on the basis of size differences as large, L (ca. 2.5 x 106 daltons) and small, S (1.1 x 106 daltons) (vide infra) (19, 20) . The viruses in the Arenaviridae family include four human pathogens that are responsible for aseptic lymphocytic choriomeningitis (LCM virus), Argentine hemorrhagic fever (junin virus), Bolivian hemmorrhagic fever (Machupo virus), and Lassa fever (Lassa virus) (20) . These, and the nine other viruses in the family, commonly infect rodents (or fruiteating bats for Tacaribe virus), typically involving persistent, life-long infections in those hosts (20) . Persistent infections are also readily established in vitro and are characterized by an abundance of nucleoprotein and a paucity of glycoprotein or infectious virus (14, 20) . These properties, plus that of including ribosomes within virus particles (10) , set arenaviruses apart from all other RNA viruses.
Genetic and molecular studies (13, 23) have established that the arenavirus S RNA codes for the major structural nucleoprotein, N, and the two glycoproteins, Gl and G2, that are derived from an intracellular precursor protein, GPC (8) . The L RNA codes for a large protein that is believed to be a transcriptase-replicase component (13) . The transcriptional strategies of the two viral RNA species of arenaviruses are unknown. If the viruses are similar to the negativestranded rhabdoviruses or paramyxoviruses, then individual virus-complementary (vc) mRNA species may be synthesized from the S RNA to serve as templates for the two Scoded proteins (7) . Alternatively, a polycistronic mRNA may be transcribed coding for a polyprotein that, through proteolytic cleavage, yields the desired products. Based on the transcriptional strategies of other negative-stranded viruses, alternate mechanisms of mRNA synthesis or coding could be involved, such as splicing, as in the case of some of the influenza mRNA species (17) , or single mRNA species with overlapping coding sequences, as in the case of the bunyavirus S mRNA (5) .
Recent analyses of DNA clones representing the 3' half of Pichinde S RNA have shown that the N protein is coded in a vc sequence corresponding to the 3' half of the S RNA (2) . This coding sequence ends with two translation stop codons. (2, 21) , as well as 5'-labeled S6 and S7 primer-directed cDNA synthesis followed by Maxam-Gilbert sequencing of the product (18) . Other primers as well as S6 were used for cDNA synthesis and cloning into pBr322 following the protocols described previously (2, 5) . Oligonucleotide primers were synthesized by a solid-phase phosphotriester method and purified by high-pressure liquid chromatography (12, 25) . The synthetic primers were complementary to the following residues ( Fig. 2 ): S1. 3401 to 3419; S2, 2263 to 2281; S4, 1398 to 1416; S5, 1685 to 1703; S6, 328 to 346; S7, 105 to 123. The arrows and restriction enzymes in the lower part of the figure indicate the strands of the cloned DNA restriction fragments that were sequenced (18) . The only ambiguity obtained from the sequence analyses involved the identity of the terminal (5') residue. Cloned DNA analyses indicated that there was an additional G on the end of the sequence given in Fig. 2 . Direct RNA analyses were not undertaken to determine whether this was correct or an artifact of the cloning procedure. The bottom panel shows the distribution of translation termination codons (vertical bars) in the three possible reading frames of the vc and v sequences of Pichinde S RNA.
In this paper, the complete Pichinde S sequence is reported. The data show that unlike the N mRNA, the second gene product (presumably GPC) is coded by a virus-sense (v), subgenomic mRNA that does not overlap the sequence that codes for N. This organization is novel among RNA viruses that have been described previously. It is also demonstrated that the intergenic region has a unique organization that is probably involved in transcription termination. CTATACAATGAGATGCTGATGAAAGAGTATGAGGAAAGACAAGGAAAAACCCCTTTGGCACTGACAGATATATGCTTCTGGTCTTTGGTTTTTTACACCATTACAGTATTTCTCCACATA   1330  1340  1350  1360  1370  1380  1390  1400  1410  1420  1430 1440 for their intrinsic net hydrophobicity (represented by regions above the line) and hydrophilicity (regions below the line) (15) .
MATERIALS AND METHODS
Virus and cells. The heat-adapted strain of prototype Pichinde virus (strain 3739) was grown in BHK-21 cells in the presence of Eagle medium containing 10% newborn cell serum and as described previously (22) .
Virus and cellular RNA extraction and purification. Purified virus and mock-or virus-infected cells were extracted for RNA, and the products were resolved by sucrose gradient centrifugation or electrophoresis, using slab gels of 1% Seaplaque agarose containing 10 mM methyl mercury hydroxide (2, 4, 24) .
Oligonucleotide synthesis, DNA cloning, and isolation of clones containing viral inserts. The procedures used to synthesize vc oligodeoxyribonucleotides, clone cDNA copies of the viral RNA, and sequence the inserts have been described previously (2, 12, 18, 25) .
In vitro translation of infected cell RNA and identification of virus-induced RNA species by nick-translated viral DNA. Total or polyadenylic acid-selected cellular RNA was translated in vitro with a rabbit reticulocyte lysate system employing [3H]leucine as the radiolabel and reaction conditions recommended by the manufacturer (New England Nuclear Corp., Boston, Mass.). The products were resolved by gel electrophoresis and autoradiographed (6, 16) . Gel-resolved cellular or viral RNA species were prepared for blotting as described by Alwine and associates (1) using Genescreen (New England Nuclear Corp.). After blotting, the membranes were air dried, baked at 80°C for 2 h, and hybridized for 16 h at 42°C to 32P-labeled, nick-translated products of viral clones as described by Denhardt (11) . Membranes were washed and autoradiographed. RESULTS Cloning and sequence analyses of Pichinde S RNA. Figure 1 (top panel) illustrates the cloning and sequencing strategy used to obtain the complete sequence of the S RNA of Pichinde virus. Direct pCp-labeled RNA analyses (3) and 5'-labeled, oligonucleotide-derived cDNA analyses were used to sequence the ends of the RNA. Overlapping, primerderived DNA clones were produced and analyzed to obtain the rest of the sequence. The intergenic sequence was confirmed by oligonucleotide primer-directed dideoxynucleotide (21) sequencing as described previously (2) . Other than an ambiguity concerning the identity of the 5' terminal nucleotide (see Fig. 1 legend) , the RNA, cDNA, and cloned DNA sequence analyses gave identical results. The analyses revealed that the Pichinde S RNA is 3,419 nucleotides long, 1.1 x 106 daltons in size, and has a base ratio of 22.2% G, 22.6% C, 26.8% A, and 28.4% U. The 5' and 3' ends of the RNA are complementary for some 19 nucleotides with two mismatches; thereafter, the sequences are not complementary.
When the Pichinde S RNA sequence was analyzed for the distribution of translation termination codons (Fig. 1, bottom  panel) , a 561-amino-acid methionine-initiated open reading frame was identified in the vc sequence corresponding to the 3' half of the genome and, as described previously (2), was represented by (3') nucleotide residues 84 to 1766. It has been shown that this 3' vc gene product corresponds to the 63 x 103-dalton N protein (2) . It lacked any significant stretch of hydrophobic amino acids and had a +9 net positive charge (Table 1 ). In the remaining vc sequence, two other open reading frames that potentially could code for proteins greater than 80 amino acids in length were identified. One of these reading frames corresponded to nucleotide residues 1776 to 2096 (coding for a polypeptide 107 amino acids long with a methionine codon at residues 1827 to 1829); the other corresponded to residues 3121 to 3419 (99 amino acids long with a methionine codon at nucleotide residues 3190 to 3192). Whether proteins are produced from these sequences is not known.
A long, methionine-initiated open reading frame was identified in the v sequence ( Fig. 1; i.e., viral RNA nucleotide residues 52 to 1560, Fig. 2 (Fig. 3) . From the hydropathic plot, two regions of hydrophobicity were identified in the protein, one close to the amino terminus and the other close to the GPC carboxy terminus of the protein (Fig. 3) . The hydrophobic region near the amino terminus commenced with a valine at _ _ ---amino acid residue 18 (Fig. 2 , viral nucleotide residues 103 to 105) and ended 15 amino acids later with a valine at amino acid residue 32 (Fig. 2 , viral nucleotide residues 145 to 147). Whether this region functions as a signal sequence is not known. The hydrophobic region near the carboxy terminus began with an isoleucine at amino acid residue 447 (Fig. 2 , viral nucleotide residues 1390 to 1392) and terminated 23 amino acids later with a histidine (Fig. 2, viral Identification of the presence of subgenomic vc and v S mRNA species. To characterize the intracellular virus-induced RNA species, extracts of Pichinde virus-infected cells were obtained and separated by sucrose gradient centrifugation. The individual fractions of the gradient were recovered, resolved by agarose gel electrophoresis in the presence of a denaturant (10 mM methyl mercury) (4), and transferred by osmotic blotting to Genescreen. Duplicate blots were probed with labeled single-stranded restriction DNA sequences rep-+ resenting the N and putative GPC genes (Fig. 4) . The results obtained demonstrated that, as expected, both viral and 6 7 8 presumptive replicative intermediate, vc, S-size RNA species were present in the extracts (Fig. 4) . In addition, L subgenomic vc (N mRNA) and v RNA species were identified (Fig. 4) . Previous studies have shown that the material in the gradient fractions containing the subgenomic N _ s mRNA sequences can be translated in vitro to yield a protein of the exact same size as the viral N protein (2) . Also, the translation product can be immunoprecipitated with antim2 body to Pichinde virus (2) . Translation of the gradient fractions containing the putative GPC mRNA species yielded products of the size of the expected unglycosylated GPC (see above), although since a specific antiserum to the glycoproteins was not available, definitive proof that they -purified cytoplasmic represented the GPC translation product was not obtained.
HK-21 cells (2). The
The presence of a subgenomic presumptive GPC mRNA nments of the N gene does not rule out the possibility that proteins may also be gene (v (2) . The RNA was fractionated into the component polyadenylated (polyA+) and non-polyadenylated (polyA-) species by oligodeoxythymidylic acid-cellulose chromatography. Fractionated and total cytoplasmic RNA preparations were analyzed by in vitro translation with rabbit reticulocyte lysates (9) (A) and, after agarose gel electrophoresis in the presence of methyl mercury (4) , by hybridization to a nick-translated recombinant plasmid containing only the N gene sequence (B). Panel A is a fluorograph (6) of the [3H]leucine translation products after analysis by sodium dodecyl sulfate discontinuous polyacrylamide gel electrophoresis (16) . The position of the N protein is indicated by arrows. The -RNA lane represents the unprimed endogenous translation products. In panel B the positions of the viral L and S RNA species are indicated as well as the subgenomic RNA ml, which was only identified in the polyA-fraction.
DISCUSSION
The data described above indicate a novel strategy for RNA viruses, the presence of coding information on both vc and v RNA species. To describe this strategy, we coined the term ambisense RNA. As illustrated in Fig. 6 (top As described previously (2), the intergenic region of the S RNA of Pichinde virus has a unique organization that can be arranged in a hairpin configuration (Fig. 6, bottom panel 
